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Question 1 [20 marks] 

 

Answers: 

 

Q1(a) Calculate the percentage change in output current IO. [8 marks] 

 

𝑅𝑂 = 𝑟𝑂2[1 + 𝑔𝑚2(𝑟𝜋2||𝑅𝐸)]       [1] 

𝑟𝑂2 =
𝑉𝐴

𝐼𝑂
=

200

20µ
= 12.5 𝑀Ω       [0.5] 

𝑔𝑚2 =
𝐼𝑂

𝑉𝑇
=

20µ

26m
= 0.7692 𝑚𝐴/𝑉      [0.5] 

𝑟𝜋2 =
β𝑉𝑇

𝐼𝑂
=

200(26𝑚)

20µ
= 260 𝑘Ω]      [0.5] 

𝑅𝐸 =
𝑉𝑇

𝐼𝑂
ln (

𝐼𝑅𝐸𝐹

𝐼𝑂
) =

26𝑚

20µ
ln (

0.5𝑚

20µ
) = 4.1845 𝑘Ω]    [1] 

𝑅𝑂 = 12.5𝑀[1 + 0.7692𝑚(260𝑘||4.1845𝑘)] = 52.05 𝑀Ω  [1] 

𝑑𝐼𝑂 =
𝑑𝑉𝐶2

𝑅𝑂
=

20µ

26m
= 0.7692 𝑚𝐴/𝑉      [1] 

𝑑𝑉𝐶2 = 5 − 0.9 = 4.1 𝑉        [0.5] 

𝑑𝐼𝑂 =
𝑑𝑉𝐶2

𝑅𝑂
=

4.1

52.05𝑀
= 0.0787 µ𝐴      [1] 

Percentage change in Io =
𝑑𝐼𝑂

𝐼𝑂
𝑥100% =

0.0787µ

20µ
𝑥100% = 0.394% [1] 

 

   

Q1(b) Draw pnp diff amp       [4 marks] 

 

 
 

Correct location of devices:  

current source, transistors & load Rc    [1 + 1 + 1] 

Correct connection to power supplies     [1] 
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Q1(c) Calculate max value of load resistance RC and one-sided differential gain, Ad. [8 marks] 

 

 𝑉𝐸 = 𝑉𝐸𝐵(𝑜𝑛) + 𝑉𝐵 = 0.7 + 0 = 0.7 𝑉            [1] 

 

 Also, 𝑉𝐸 = 𝑉𝐸𝐶 + 𝑉𝐶 = 𝑉𝐸𝐵(𝑜𝑛) + 𝑉𝐶 = 0.7 + 𝑉𝐶 = 0.7 𝑉         [1] 

 

 So, 𝑉𝐶 = 0 𝑉                [0.5] 

 

 𝑉𝐶 = 𝐼𝐶1𝑅𝐶 + 𝑉−               [1] 

 

 𝐼𝐶1 =
𝐼𝑄

2
=

0.5𝑚

2
= 0.25 𝑚𝐴             [0.5] 

 

 Thus, 𝑉𝐶 = 0 = (0.25𝑚)𝑅𝐶 + (−5)     Rc = 20 kΩ       [1] 

 

 𝐴𝑑 =
𝑔𝑚𝑅𝐶

2
                [1] 

 

 𝑔𝑚 =
𝐼𝐶1

𝑉𝑇
=

0.25𝑚

26𝑚
= 9.615 𝑚𝐴/𝑉            [1] 

 

 𝐴𝑑 =
9.615𝑚(20𝑘)

2
= 96.15 𝑉/𝑉             [1] 
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Question 2 [20 marks] 

Answers: 

Question 2(a)  [5 marks] 

Option 1: 

𝐼𝑄 =  (
𝑘𝑛

′

2
) (

𝑊

𝐿
)

4
(𝑉𝐺𝑆4 − 𝑉𝑇𝑁)2

       [1] 

0.2𝑚 =  (
50µ

2
) (15)(𝑉𝐺𝑆4 − 0.5)2

       [1] 

VGS4 = 1.23 V, VGS3 = VGS4 = 1.23 V      [1] 

VGS5 = V+ - V- - VGS3 = 5 – (-5) – 1.23 = 10 – 1.23 = 8.77 V  [2]  
 

Option 2: 

𝐼𝐷5 =  𝐼𝐷3           [1] 

(
50µ

2
) (3)(𝑉𝐺𝑆5 − 0.5)2 =  (

50µ

2
) (15)(10 − 𝑉𝐺𝑆5 − 0.5)2  [3] 

 

  VGS5 = 6.72 V         [1] 

 

Question 2(b)  [5 marks] 

 

 

Power supplies & connections [2] 

NMOS Diff amp   [1] 

PMOS Cascode current source [2] 

 

Total      [5 marks] 
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Question 2(c)   [10 marks] 

 

Calculate Ad with passive load RD 

 Ad = (gm2 RD) / 2        [1] 

 gm2 = 2(KnIQ/2) = 2[(0.4m)(0.2m/2)] =  0.4 mA/V   [1] 

 Ad = (0.4m x 40k) / 2 = 8 V/V      [1] 

 

Calculate Ad with Cascode active load 

 Ad = gm2 (rO2 || ROCascode)       [1] 

 rO2 = 1/(n IQ/2) = 1/ [(0.02)( 0.2m/ 2)] = 500 kΩ   [1] 

 ROCascode ≈ gm8 rO8 rO10       [1] 

 gm8 = 2(KpIQ/2) = 2[(0.2m)(0.2m/2)] =  0.2828 mA/V  [1] 

 rO8 = 1/(p IQ/2) = 1/ [(0.02)(0.2m/ 2)] = 500 kΩ   [0.5] 

 rO10 = 1/(p IQ/2) = 1/ [(0.02)(0.2m/ 2)] = 500 kΩ   [0.5] 

 ROCascode ≈ (0.2828m)(500k)(500k) = 70.7 MΩ   [0.5] 

 Ad = (0.4m)(500k || 70.7M) = 198.6 or ≈ 200 V/V   [0.5] 

 

Ad had increased = 198.6 – 8 =190.6 V/V with Cascode active load.   or  

Ad had increased = 200 – 8 =192 V/V with Cascode active load.  [1] 
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Question 3  [20 marks] 

 

Answers: 

 

Question Q3(a)  [10 marks] 

𝐼𝐶1 =
𝛽

1+𝛽
𝐼𝐵2 =

𝛽

1+𝛽

𝐼𝐶2

𝛽
=

𝐼𝐶2

1+𝛽
=

1.2𝑚

61
= 19.67 𝜇𝐴  [2] 

𝑟𝜋1 =
𝛽𝑉𝑇

𝐼𝐶1
=

(60)(0.026)

19.67𝜇
= 79.3 𝑘Ω    [1] 

𝑟𝜋2 =
𝛽𝑉𝑇

𝐼𝐶2
=

(60)(0.026)

1.2𝑚
= 1.3 𝑘Ω     [1] 

𝑅𝑖 = 𝑟𝜋1 + (1 + 𝛽)𝑟𝜋2      [1] 

→ 𝑅𝑖 = 79.3𝑘 + (61)(1.3𝑘) = 158.6 𝑘Ω   [1] 

𝑟𝜋3 =
𝛽𝑉𝑇

𝐼𝐶3
=

(60)(0.026)

5𝑚
= 312 Ω     [1] 

𝑅𝑜 = 𝑅2 ∥ [
𝑟𝜋3+(𝑅1||𝑟02)

1+𝛽
]      [1] 

𝑟02 =
𝑉𝐴

𝐼𝐶2
=

∞

𝐼𝐶2
= ∞       [1] 

→ 𝑅𝑜 = 5𝑘 ∥ [
312+(50𝑘||∞)

1+60
] = 5𝑘 ∥ 825 = 708Ω  [1] 

  

  

Question Q3(b)   [2 marks] 

 

- Class A has higher power consumption, lower efficiency than class B.  [0.5] 

Class B has highest efficiency but suffers from cross over distortion.  [0.5] 

- Class AB removes cross over distortion of Class B and, but efficiency of Class 

AB is lower than Class B.         [0.5] 

- Class A requires higher biasing current ICQ compared to class AB, and has lower 

efficiency.           [0.5] 
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Question Q3(c) [8 marks] 

 

𝑖𝐿 =
𝑉𝑂

𝑅𝐿
=

5

100
= 50 𝑚𝐴         [1] 

𝑖𝑐𝑛 = 𝑖𝐿 = 50 𝑚𝐴          [1] 

𝑉𝐵𝐸𝑛 = 𝑉𝑇 ln (
𝐼𝐶𝑛

𝐼𝑆
) = (26𝑚) ln (

50𝑚

10−13
) = 0.7004 𝑉    [1] 

𝑉𝐸𝐵𝑝 = 𝑉𝐵𝐵 − 𝑉𝐵𝐸𝑛 = 1.35 –  0.7004 =  0.6496V    [0.5] 

𝑖𝑐𝑝 = 𝐼𝑆𝑒𝑥𝑝
𝑉𝐸𝐵𝑝

𝑉𝑇
⁄

= 10−13𝑒𝑥𝑝
0.6496

26𝑚⁄ = 7.0947 𝑚𝐴   [1] 

 

Recalculate:   𝑖𝑐𝑛 = 𝑖𝐿 + 𝑖𝑐𝑝 = 50𝑚 + 7.0947m = 57.0947 mA [0.5] 

𝑉𝐶𝐸𝑛 = 𝑉𝐶𝐶 − 𝑉𝑂 = 10 − 5 = 5 𝑉       [0.5] 

𝑉𝐸𝐶𝑝 = 𝑉𝑂 − (−𝑉𝐶𝐶 ) = 5 − (−10) = 15 𝑉      [0.5] 

𝑃𝑄𝑛 = 𝑖𝑐𝑛𝑉𝐶𝐸𝑛 = 57.0947m x 5 = 285.48 𝑚𝑊     [1] 

𝑃𝑄𝑝 = 𝑖𝑐𝑝𝑉𝐸𝐶𝑝 = 7.0947m x 15 = 106.42 𝑚𝑊     [1] 
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Question 4 [20 marks] 

Answers: 

 

Question Q4(a)  [10 marks] 

Using the equation, 𝐼𝐶 = 𝐼𝑆𝑒𝑥𝑝
𝑉𝐵𝐸

𝑉𝑇
⁄

       [1] 

𝑉𝐵𝐸11 = 𝑉𝐸𝐵12 = 𝑉𝑇ln (
𝐼𝐶

𝐼𝑆
)        [1] 

𝑉𝐵𝐸11 = 𝑉𝐸𝐵12 = 0.026 ln (
0.4  × 10−3

5 × 10−16
) = 𝟎. 𝟕𝟏𝟐𝟔 𝑽    [2] 

Find R5 and R4; 

𝑅5 =
𝑉+−𝑉𝐸𝐵12−𝑉𝐵𝐸11−𝑉−

𝐼𝐶10
=

15−0.7126−0.7126+15

0.4𝑚
= 𝟕𝟏. 𝟒𝟒 𝒌𝛀  [2] 

𝐼𝐶10𝑅4 = 𝑉𝑇𝑙𝑛
𝐼𝑅𝐸𝐹

𝐼𝐶10
         [1] 

𝑅4 =
0.026

0.04𝑚
𝑙𝑛

0.4𝑚

0.04𝑚
= 𝟏. 𝟒𝟗𝟕 𝒌𝛀       [1] 

𝑉𝐵𝐸10 = 𝑉𝐵𝐸11 − 𝐼𝐶10𝑅4 = 0.7126 − 0.04𝑚(1.497𝑘) = 𝟎. 𝟔𝟓𝟐𝟕 𝑽 [2] 

 

Question Q4(b)  [10 marks] 

 

 

 

Figure 5 
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Question 5 [20 marks] 

Answers: 

 

Question Q5(a)  [4 marks] 

 

Question Q5(b)  [4 marks] 

𝑣𝑂 = (1 +
𝑅2

𝑅1
) 𝑣𝑖 = (1 +

30𝑘

20𝑘
) 1𝑚 = 2.5 𝑚𝑉  [0.5, 0.5, 0.5] 

𝑣𝑂1 = 𝑣𝑂 = 2.5 𝑚𝑉      [1] 

𝑣𝑂2 = − (
𝑅

𝑅
) 𝑣𝑂 = − (

10𝑘

10𝑘
) 2.5𝑚 = −2.5 𝑚𝑉  [0.5, 0.5, 0.5] 

 

Question Q5(c)  [12 marks] 

𝑣𝑂(𝑚𝑎𝑥) = 5 V = 𝐴𝑑(𝑚𝑎𝑥) × 𝑉𝑑 = 500𝑉𝑑   [2] 

𝑉𝑑 = 𝑉𝑖1 − 𝑉𝑖2 =
𝑣𝑂(𝑚𝑎𝑥)

𝐴𝑑(𝑚𝑎𝑥)
=

5

500
= 0.01 𝑉   [1] 

𝑉𝑑 = 𝑖𝑅1(𝑚𝑎𝑥) × (𝑚𝑖𝑛), 𝑤ℎ𝑒𝑟𝑒 𝑅1(𝑚𝑖𝑛) = 𝑅1𝑓  [1] 

0.01 = 10µ × 𝑅1𝑓  

𝑅1𝑓 = 1 𝑘Ω        [1] 

𝐴𝑑 = (1 +
2𝑅2

𝑅1𝑓+𝑅1𝑣
) (

𝑅4

𝑅3
) , 𝑤ℎ𝑒𝑟𝑒 

𝑅4

𝑅3
= 4   [1] 

𝐴𝑑(𝑚𝑎𝑥) = 500 = (1 +
2𝑅2

𝑅1𝑓
) (4) = (1 +

2𝑅2

1𝑘
)(4)  [2] 

So,  𝑅2 = 62 𝑘Ω       [1] 

𝐴𝑑(𝑚𝑖𝑛) = 10 = (1 +
2𝑅2

𝑅1𝑓+𝑅1𝑣
) (4) = (1 +

2(62𝑘)

1𝑘+𝑅1𝑣
)(4) [2] 

So,  𝑅1𝑣 = 81.67 𝑘Ω      [1] 

 

 

i) The input impedances of both the inverting and non-inverting input terminals are 

infinity           [0.5].  

Since it is an open circuit, current will not flow into the input terminals.  [0.5] 

ii) Since open loop gain Aod is infinity,       [1]  

for a finite output voltage vo, the differential voltage vd = v2-v1 is zero.  [1]  

Hence v1 and v2 are nearly equal, i.e. v1=v2, which is a ‘virtual short’.  [0.5] 

Both voltages v1 & v2 are forced to be the same without any physical connection 

between the terminals         [0.5]. 


